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Abstract

Using quark-noCeI argunents for the photon-vector rrieson

coupling r,re interpret the p ' (1600 ) meson as a rariial qA

excitation. Thc absence of 1Ir decays i.s exDl a j-ned by a

selection rule for radial de-exci"tations , aPPlicabl.e al so

to the P,, (1471) barvon state v;ith sirnilar dynanics. Cur schene't I

parallels a recent consiCeration of scale invariance breaking.
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Ileavy vector mesons have long been predicted by Regge-

type motlels It] and by the quark model [2], in particular

the p I with quantum numbers indentical to the p. Tn Regge-

type rnodels the o I should tie on the first daughten trajectory
bel-ot^r the p(770). Assuming linean and parallel tnajectories,

this vrould innly a p I mass near the f (270).

As noted by Harari lZ7, this prediction stancls in contra-

diction to the naive quark model in which the requirernent

C=P relcgatcs tlre p,t to tire second daughter trajectory. The

p I woul-d be ei-ther an orbi.tally excited ,'r., qQ-state or a

radially excited ,tt., state (in spect::oscopic .,"*tr, nota-

tion, wtrere n is the radial quantum number). A harrnonic

oscill-ator enersy level formul.a IS]

E = {or(2n + L * -11

t.rould tiren predict equal. inasses for the

states:

I'1 . 3 M = 1680 IieV.p' g,

Recently the p I has been discovered, not irr the long

sea::ched rn channel, but in the por*n- channe] of collicling
+-"re-e-. bca.'ns [t*] and photoproduction expenirnents Isre]. The

observed m.lss, near 16C0 I'IeV, imnedj.ately lends support to

the naive quark nodel nather than to Regge-type rnodels ruith

(1)

?,1.,nt ttl'
a

2"S, and

,'o., state or

r,rodel . . 'i'here

?
'1 -D.

J

l. j-ttr',;.,t" <lriC l:ct-':,.i.1 .-:l trajcctr:rics.

A clue as to r.:hether the obser:ved p I is a

state is of 'l'ercci bv tlre non--relativistic quark

the qq,1,-rzcr"tex is proportional to the qq bound s'fate !{&Ve

c1
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funct:'-on at the origin [Z], U(0), rrhich in tu:rn is proportional
Tto r"; thus it vanishes for all L I 0, Therefore, as pointecl

out by Dalitz [B], the ,"1 state can coupt.e t-o the Dhoton,
?l:ut 1"Dt vector mesons are not expected to clo so. since all

the observed p t rnesons are indeed producecl at phcton vertices

lU ,S rO] , anrl since j.n addition no trace of the p t is seen in
the OPE reaction nnp -+ pon*r,-A+* [r] , we woul d tentativcl-y
identify the p r with the nadially excited ,", state.

The main puzzle with the p ' is why j.t is so weakly

coupled to the nrr-uy=t.o*) fncleed: Do convinci.ng evidence

fon the pt exists in the ?Tr decay channel , nor in the rrr

production channel [S] . It is a.1so excluded by t]re arral-ysis i.:r

ref . I that the p I would be a kinematically enl'ranced tail of
the pQ70).

At a mass of 1 600 MeV the p I would be expected to decay
**)into channels like rrr ro: nA1 , nA2, po arrd pE . The sole

observation of pe irir-rts that some selection rule, characteristic

of radj-al de-excitationsr may be at vrork. Let us assune, as

a zeroth orcien aporoxirnation, that very shor"t iifetimes (the

pr wiath is 300-600 ileV) cause the radial excitations to

decay by

Xr (nrLrSrJ) -=+ X(n-l rLrS rJ) + scalar neson
( in rel.ativc s -wave )

(2)

*)
I,Io'tte that

(d ) aloiie
** i
f,yeandK

regai:'c.il csr;

elastic unitarity for rr partial vrave cross-secticns

rivcs o- ( o')/o. (p) = a? /o2, = o.z,I I 'p-+nn 'p'->Tn

\,re irnpJ-y t1-re s-!Jave r7i- arr:d l(r-systcms, respe ctirrely,

of r^;l-rctlien they actual-Iy correspc;n<1 to pcles.
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rather than by other modes. Exp1icitly, rule (2) predicts
?that the ,"t,, vecton mesons wourd only have the d..oy"**)

*t * *t
pl.-r ge r t,t,t -> t,le , K + K e, K + pK: and i *

I 1/
--). f.' K.

The rule (2) should now apply also to other possjble radia1
excitations. One candiclate is Ir o] the Rooer resonance

Ptt (147c), in tire finst strongly inelastic nN-wave. To

1a:rge extent the inelasticity is due to tlie nl'l -> nrlJ channel
--
111 ,1 2 ,13). Since the 7rr s-r^Iave (the rre') is knourn to be

strongJv attractirre at near'1y al1 r.ri energi.es [t Zl , :"t

obviously plays an inpontant role in the formation of the

Ptt (1470). Tirus the situation strongry resembles that of
the p', and the nadiar excitation Pnn (i470) obeys the rule
(2>.

for"

of

the
+,IT ,II

.vo-2

rt is intenesting to note that corroboratj.ve evidence

a sudden inelasticity in the rr p-wave, due to the onset

some other important channel (the 0e ) r seems to exist j_n

17 .2 GeV/c CERl.i-i.{unich r p -} ,*n-n data [f q ] . At a

rnass of about 1500 Mev, both the mass soectrum and the
> moment extribit a shoulden (on the f meson) and a sudden

of
'i-

anlr'

drop.

0ur

fr'iedrnari,

:.rith pCAC

Arso the,E(1420) meson has been advanced as a canclica.te

narjial excj.tation. However, the very existe.nce of tirc E

in doubt (its signar in weak j-n arl expeninents), arnd in
case its JP are uncieternined ir rl

scheme rnA\/ be comp.rnbC w:'_th the consi_Ce raLi ons by

l'lath and Arno:ri.tt lt S L v,,ho Dostulat-e, _in atralogy
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relates the

Olt is the trace of the irp

and f-1 : I is the e-hadron
o

foll-ows , for instance , that

modified by e -terrns in the
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scale invariance breaking tt a]

to the f-meson by liere

noved Bel-infante stness tensor,

coupling strength. Irom this

the vecton currents are

usual vector dominance form:

or{x)12 (3)

algebra,

e-neson

that

fie 1d fooo=oi,l'

vu(x)

using the pu(x)qr(x) term alone Friedman et aI. [ru] then

calculate the annihilation cross-section "*u- 
-) po, -) 4 n .

As expected, the cross-section rises napidly in the '1 500

MeV region (co::r'esponCing to an e mass 01' about 700 MeV).

Beyond 2E = 1800 i"IeV, hor^;ever, this cross-section decreases

much too s1o',:}y, juCgrng f::om the exner.i:rental data [+] . To

eomect the energy dependence one would obvj-ous1y need to

add a pr pole term.

ff both the,"r-states and the,'r., states coexist,

the nearness in niass vrould lead to mixing effects. Althou,o,h
?the 2 "St -state alone is photopr.ocjuced , mixinq could ef fect

the trai:.sition ,'4, -) ,'r,, and gi-ve nise to the dec.ry

p' -) 1Tr. Thus, from the nresent data one is lead to infer

eithen that the ,'n., -state does not exist r or that nixing

is st::onql',r. sulrp::esse d for scJme r.eason. iJote th.rt the spi.n-

orbit ccreff icicnt is -3 for the t 3tt., -state, 0 for the 23S., ,

+2 for the 13D, (q-ncson) tg] , so tirat the orbita]- gt, if

existirfl, nay ire l-iqhter. than the radial- p t.
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Assuming
a

1t-lv,t' 1.4r)t-. 1 rrT-4L-2 r- |

partners are

ideal. octet-singlet mixing and the

0.3 GeV2 ru1e, the masses of the radia1 p t

L'1 1600 ! 200 l"leV
9

t4

Mfi' = 1800 ! 2A0 MeV

M r= 1700 ! 200 l.levrrK*

The cross-sections for

can be estimated using the

lll)rtaking o(p') = 2,41c.6

UJ

s(t.rt) - 0,27 !0.07
q(#') " 0.07 ub.

At a hi-gher enersy the

the processes yp -) CI'p, I tp

arguments of Kajantie and Trefil

ub at e.3 GeV/c [0] :

next radial excitation, ,"o!t Ji 
'

ub

exoected to aDpear,. Its

mass of about 2150 lieV.

isovector. member p " woulC have a

In concl-usion, our scheme for" heavy vector tnesons as

radial qa excitations leads to strong preCictions, testable

when nore data become available. The possible connection

betrueen the quark nodel, 'rbootstrap-like", and scale breaking

arguments is inter,esting and merits furthen stuoy.
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